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Introduction
Wetting and spreading phenomena are used by human beings from the very beginning of our history. It is a reason why those phenomena attract attention of scientists for ages and as it is shown below they still do (see Fig. 1 ). It is the reason why below the author concentrats mostly on the most important problem in the area of spreading/wetting: a consideration of a combined action of surface and capillary forces in a vicinity of an apparent three phase contact line, and on other basic problems whithout those the further progress in the area is impossible according to the author's opinion.
Why do droplets of different liquids deposited on the identical solid substrate behave so differently? Why identical droplets, for example, aqueous droplets, deposited on different substrates behave also differently?
A mercury droplet does not spread on a glass substrate. It rather forms a spherical cap with the contact angle bigger than /2 (Fig. 1a ). An aqueous droplet deposited on the identical glass substrate spreads only partially down to some contact angle,, which is in between 0 and /2 (Fig. 1b) . However, an oil droplet (hexane or decane) deposited on the same glass substrate spreads out completely (Fig.1c) , and the contact angle decreases with time down to the zero value.
By convention, the contact angle is measured inside the liquid phase Figs. 1a, 1b, 1c). Needless to say, wettability (complete, partial or none) is determined by the nature of both the liquid and the solid substrate and their interactions.
Below we consider behaviour of two the most important liquids in contact with solid substrates as an example: water or aqueous solutions (polar liquids) and oils (non polar liquids).
Consideration of equilibrium wetting phenomena is frequently based on well known Young´s equation [1] and its modifications for rough surfaces [2, 3] . There are numerous derivations of Young´s equation, which can be roughly subdivided into two big groups: thermodynamic derivations, and mechanical derivations. The most important assumption of all those derivations is as follows: the drop retains a spherical shape up to the contact with a solid substrate that is up to the three phase contact line where the thickness of the liquid becomes zero. Below we show that this assumption is in a contradiction with the scientific development in the area.
Starting from the beginning of 20 th century new phenomena, which take place in thin liquid films and layers has been under scrutiny of a wide range of scientists ever since: those phenomena are now refereed to as "surface phenomena" or "surface forces" [4] [5] [6] [7] . Surface forces are briefly reviewed in Section 1. Manifestation of the surface forces action is the appearance of the disjoining pressure [4] in thin liquid films and layers. It is necessary to note that the latter name "disjoining pressure" is a very misleading one: that pressure could be either disjoining or conjoining. However, because of historical reasons the term "disjoining pressure" is widely used. Note, it was suggested in [8] to rename "disjoining pressure" and to use "Derjaguin´s pressure" instead to avoid the misunderstanding and to recognise the contribution of Derjaguin to the area. It is up to the scientific community to decide if a new name is appropriate. Below we use "Derjaguin´s pressure" instead of "disjoining pressure".
Surface forces come into play in a vicinity of a tree phase contact line, where the liquid thickness becomes smaller than the range of action of surface forces. The latter range is usually around 100 nm. The action of surface forces results in a substantial deviation of a liquid profile from a spherical shape. The latter requires a revision of Young equation and the latter is undertaken in Section 1. The revised theory results in a completely new approach to the equilibrium contact angle [9] .
Consideration in Section 1 shows that all equilibrium phenomena in the case of both complete and partial wetting can be described based on a consideration of combined action of capillary and surface forces action in a vicinity of a three phase contact line [9] .
However, the situation is far from being understood in the case nonwetting: it is still a challenge to understand surface forces acting in a vicinity of an apparent three phase contact line and wetting phenomena in this case.
Based on a consideration of surface forces the kinetics of spreading can be equally investigated. The latter has been done in the case of complete wetting and this approach is to be extended to the case of partial wetting (Section 2) [8, 9] .
Note, the kinetics of spreading in the case partial wetting has not been finalized yet based on the previous approach. There is a good reason for that:
this reason is a presence of hysteresis of contact angle on smooth homogeneous
substrates. The latter is determined by the s-shape of the Derjaguin´s pressure in the case of partial wetting. Note, the consideration of hysteresis of contact angle based of consideration of combined action of both capillary and surface forces on rough surfaces to the best of the author´s knowledge has never been undertaken before and it is the future challenge.
The discussion below shows that both equilibrium and kinetic wetting phenomena can be described based on a consideration of combined capillary and surface force action in a vicinity of a three phase contact line. There are a number of unsolved problem in this direction. However, the author believes that this is the main stream direction of science in the area of wetting and spreading. That is a considerable part of the paper below is devoted to the consideration of a combined capillary and surface forces action in a vicinity of the three phase contact line in the case of both equilibrium and dynamics.
Kinetics of spreading of aqueous surfactant solutions over hydrophobic substrates is one of the most important subjects in the area of wetting and spreading. Pure aqueous droplets do not wet hydrophobic substrate (that is, the contact angle is bigger than /2). However, if after (or before the deposition)
surfactants are added to the aqueous droplet, the latter starts spreading over the hydrophobic substrate. Scientists accumulated a considerable amount of information/experience in the area of spreading of surfactant solutions over hydrophobic substrates. As it was already mentioned above in a vicinity of an apparent three phase contact line surface forces unavoidable come into play. The surface forces action in the presence of surfactants is more complicated than in a pure liquids: surface forces are modified by the presence of surfactants, adsorption at all three interfaces (liquid-air, liquid-solid and solid-vapour) takes place and the latter may results in Marangoni phenomenon, which make the consideration even more complicated. Do we understand from this point of view why adding of surfactants to aqueous solutions results in a spreading of surfactant solutions over hydrophobic substrate? According to the author's opinion the answer is "no".
To the best of the author's knowledge the surface forces action in the presence of surfactants in a vicinity of the apparent three phase contact line on hydrophobic substrates has not been understood yet. That is, in this area the scientists are forced to use Young's equation in spite of our firm understanding that this equation is in a contradiction with a modern science. However, it is necessary to keep in mind that conclusion made based on Young's equation must be validated against experimental data, without such validation any conclusion cannot be seriously considered: Young's equation ignores the surface forces action in a vicinity of the three phase contact line, which is in a contradiction with the modern science.
A similar situation takes place at the consideration of kinetics of spreading and simultaneous evaporation. The influence of surface forces in the course of those two interconnected processes was well recognised (see [10] and the references there in). More recently it has been proven experimentally that the rate of evaporation is proportional to its perimeter [11] . Note, according to that conclusion the evaporation proceeds mostly in a vicinity of the three phase contact line, that is, precisely in the region there surface forces are the most important. The first attempt to give a physical explanation of the peculiar behaviour of the evaporation flux was given in [12] in the case of a steady state evaporation from the meniscus. For some reason the theory presented in [12] is not widely known in the community involved in the area. Situation is more complicated in the case of spreading droplets. Influence of surface forces on kinetics of simultaneous spreading and evaporation of droplet is to be investigated.
In the case of spreading and evaporation of surfactant solutions the situation is even more complicated: the influence of surface forces and surfactants overlaps. Experimental investigations in this area started only recently [13] .
Spreading over porous substrates is an interesting and challenging problem [14] . In this case of spreading over thin porous layers the situation is clarified recently (complete wetting case). However, the spreading over "thick porous"
substrates is still a challenge even in the case of complete wetting. As a result the Derjaguin's pressure isotherm (measured at constant temperature) has the following peculiar s-shaped form (Fig.2) . (that is, complete wetting case) an attempt to calculate the Derjaguin's pressure in the case of moderate slopes resulted in a prediction of a contradictory equilibrium contact angle different from zero [16] . The latter is in a contradiction with current understanding of surface forces (see below). There is no mistake in calculations presented in ref [16] : the latter is a result of adopted in [16] direct integration (summation) of forces between molecules. Unfortunately those forces are nonadditive nature and the direct summation results in erroneous conclusions. Fig. 2 shows that until now the Derjaguin's pressure has been measured in the region, which corresponds to case of undersaturation only. It is caused by the experimental method used for those measurements [17] . Measurements of Derjaguin's pressure in the region, which corresponds to the oversaturation is a challenge: a new experimental method is to be developed for those measurements.
Contact angle and adsorption on solid substrates
Before going further we consider a consequence of vapour adsorption on solid substrates.
It is well known from the theory of adsorption that vapours adsorb on solid substrates. Amount of adsorbed molecules or an adsorption layer on the solid surfaces is determined by the vapour pressure in the ambient air.
Let us consider a solid plane in a contact with a vapour in the ambient air. As we already mentioned the liquid vapour adsorbs on the solid surface. In the case of low adsorption (no polymolecular adsorption) the dependency of the adsorption on the vapour pressure in the ambient air, p, is described by the Langmuir isotherm.
The latter is written below in the following form:
where  is the fraction of solid substrate covered by adsorbed vapour molecules; k and T are the Boltzmann constant and absolute temperature in Kelvin, respectively; p* is a characteristic vapour pressure and U is the difference between the free energy of vapour molecules in adsorbed state and in the vapour (see [18] for
, that is the energy of adsorbed molecules is much higher than the energy of free vapour molecules (or water molecules are infinitely repelled from the solid surface). Hence, the interaction between water molecules in the droplet is infinitely stronger than the repulsion between water molecules and solid substrate. Only in this case 0   no adsorption takes place. In this and only this particular case the water droplet forms 180 o contact angle with the solid substrate (see Fig. 3a ). We refer to this case as the complete non-wetting case. can be presented in the following form:
Comparison of the latter equation and Langmuir Eq. (1) shows that the solid liquid interfacial tension, sv  , is not a unique property of the solid substrate but depends on the vapour pressure in the ambient air, p, that is,  sv (p). Is this dependency a strong one? There is no direct way to measure solid-vapour interfacial tension and its dependency on the vapour pressure in the case of hydrophobic or even hydrophilic substrates. However, in the case of partial and complete wetting (see below) there is a completely different way of thinking, which allows calculating that new interfacial tension, sv (p).
In the case of non-wetting substrates adsorption of water molecules is small because the interaction between water molecules is substantially stronger than the interaction between water molecules and the solid substrate. Such surfaces are referred to as "low energy surfaces". In this case adsorption of water molecules on the solid substrates is small because adsorption results in a higher interfacial tension sv  as compared with the initial interfacial tension, 0 sv  . However, according to the Boltzmann distribution still the adsorption is unavoidable even in this extreme case and latter manifests itself in a contact angle lower than 180 0 .
In the case of partial or complete wetting the situation is very much different.
In this case adsorption of water molecules on the solid substrate results in a lowering of the solid-vapour interfacial tension and even more than that, the adsorption results in a polymolecular adsorption, that is in a formation of a thin adsorbed water film on the solid substrate. There is no need to say that the interfacial tension can not be refereed to any more as a solid-vapour interfacial tension but rather as a solid-liquid film-vapour interfacial tension.
We have to remind that there is no experimental way to determine independently the solid-vapour interfacial tension and the latter becomes even more sophisticated in the case of the presence of adsorbed films on the solid substrate.
Fortunately, there is a completely different way of thinking, which allows us to do so!
Equilibrium contact angle in the case of partial wetting
What is required for a complete description of a fluid shape at the equilibrium with a solid when we reach the range of 100 nm thickness inside droplet (Fig. 4) ? 
where m  is the molar volume of the liquid, s p is the pressure of the saturated vapour at the temperature T, R is the gas constant, p is the vapour pressure which is at the equilibrium with the liquid droplet, the excess pressure
, where P l is the pressure inside the liquid and P a is the pressure in the ambient air. The latter equation determines the unique equilibrium excess pressure P e and, hence, the unique radius of curvature of the equilibrium droplet:
We remind now that the excess pressure inside the drop, P e , should be negative (pressure inside the droplet is bigger than the pressure in the ambient air).
That means that the right hand side in Eq. (3) should be negative also. The latter is negative only if p>p s (according to Eq. 3), that is, the droplets can be at the equilibrium only with the oversaturated vapour! Note, the equilibration process goes for sufficiently long time (hours) and it is necessary to keep oversaturated vapour over a solid substrate under investigation until the equilibrium is reached. There are only a limited number of attempts to measure drops under condition of oversaturation [19] . The latter means that it is difficult to investigate experimentally equilibrium droplets on the solid substrate. However, there is a flood of investigations published in the literature on measurements of "equilibrium contact angles" of droplets on solid substrate. The previous consideration shows that contact angles measured are not at equilibrium at all: actually in most investigations a static advancing contact angle was measured, which can be very far from the equilibrium one (see below). Note, evaporation takes place most vigorously in a vicinity of the three phase contact line (see below), which makes a relation of the measured contact angle with the equilibrium one even more questionable.
Now we consider requirements of equilibrium (b) and (c). Let us assume that
we can create at least theoretically an oversaturated vapour over the solid substrate Let us call this region, where transition from a flat film to the droplet takes place, a transition zone (Fig. 7) . The presence of the transition zone shows that pure capillary forces are unable to keep the liquid in this zone at the equilibrium: the liquid profile is convex (hence, the capillary pressure under the liquid surface is higher than in the ambient air) to the right from the arrow in Fig. 6 , and the liquid profile is concave (hence, the capillary pressure under the liquid surface is lower than in the ambient air) to the left from the arrow in Fig. 6 . The shape of the profile inside the transition zone is determined by the surface forces action [9] .
The most important conclusion is as follows [9] : However, there is a solution to this problem, which is presented below.
Thin liquid films on the solid substrate and solid-liquid interfacial tension
The excess free energy,  f , per unit area of a flat equilibrium liquid film of thickness h e on a solid substrate at the equilibrium with the vapour in the surrounding air is equal to
where f D (h e ) is the excess free energy due to the action of surface forces.
Because of the equilibrium of the liquid film with the vapour the excess pressure, P e , can not be left as an arbitrary constant: it is determined by the equality . The first requirement results in
and the second requirement yields
where dh
is referred to as Derjaguin's pressure. Derjaguin's pressure,
, is the physical property, which can be experimentally measured (see for example [4] [5] [6] [7] ). Using the latter definition we can rewrite the excess free energy f D (h)
As we already noticed in the Introduction, the excess free energy of thin liquid 
Eq. (6) determines the thickness of the equilibrium liquid film, h e , via
Derjaguin's pressure isotherm. Eq. (7) gives the well-known stability condition of flat equilibrium liquid films [4, 9] .
According to the modern theory of surface forces the following types of Derjaguin's pressure are known and presented in Fig. 8 . for oil films on quartz, glass, metal surfaces; 2 -partial wetting, observed for aqueous films on quartz, glass, metal surfaces; 3 -non-wetting case, which actually has never been measured.
According to the stability condition (7) all flat equilibrium films are stable in the case of complete wetting (curve 1, Fig. 8 ) and only films are stable in the range of thickness from 0 to t min (these films are referred below as -films, which are absolutely stable, see below) and at h>t max (the latter films are referred below as -films and it is shown below that they are meta-stable) in the case of partial wetting (curve 2 in Fig. 8 ). Hence, only those --and -films can exist as flat films.
Note, s-shaped Derjaguin's pressure isotherms (curve 2 in Fig. 8 ) are characteristic shapes of thin films of water and aqueous solutions. All properties of water and aqueous solutions are vitally important for our life. The latter means that the peculiar shape of Derjaguin's pressure of water and aqueous solutions, presented in Fig. 8 curve 2 in some unknown way determines the existence of life. At the moment we do not know in which way it does but the peculiar shape of curve 2 in Fig. 8 tell us something what we are currently unable to decode. Now we can rewrite the expression for the excess free energy of the film (5) using the Derjaguin's pressure in the following way:
The latter expression gives the excess free energy via a measurable physical dependency, (h), which is the Derjaguin's pressure isotherm.
We can rewrite the latter expression (8) of the excess free energy of thin liquid films as
where sl h e e svh e e dh h h P
is the "interfacial tension" (actually the excess free energy) of the solid substrate 
because the term  e e h P is usually small as compared with other terms in Eq. (12) [9] .
The latter equation is a well-known Derjaguin-Frumkin equation for the equilibrium contact angle, which has been deduced using a different thermodynamic consideration [4] . The later was deduced from the more rigorous consideration of equilibrium conditions [9] .
Note, there are numerous publications where Young's equation, which was deduced for equilibrium was applied for highly non-equilibrium situation: instead of the "interfacial tension" (the excess free energy) of the solid substrate covered with the liquid film of thickness h e , In the case of partial wetting (water and aqueous solutions)
From that condition we conclude that the integral in the right hand side of Eq. (12) should be negative. The latter requirement is satisfied in the case of partial wetting (see curve 2 in Fig. 8 
The latter inequality is satisfied if
see Fig. 8 curve 2.
Hysteresis of contact angle on smooth homogeneous substrates
The previous consideration shows that all droplets deposited on a solid substrate are in a non-equilibrium state at oversaturation. According to usually adopted deposition procedure the resulting contact angle is a static advancing contact angle. That is, consideration of static advancing contact angle and it connection with surface forces action is the important problem in this area.
The above derivation of Eq. (12) shows, that the latter equation determines only one unique equilibrium contact angle. Static hysteresis of contact angle results in an infinite number of "quasi-equilibrium contact angles" of the drop on the solid surface, not the unique contact angle,  e , but the whole range of contact angles,  r < e < a , where  r and  a are static receding and advancing contact angles, correspondingly.
Let us explain the meaning of static advancing and receding contact angles. For that purpose let us consider a liquid droplet on a horizontal substrate, which is slowly pumped through an orifice in the solid substrate (Fig. 9) . Using the latter experimental arrangement static advancing and receding contact angles can be investigated [20] .
Let us assume that in some way an initial contact angle of the droplet was equal to the equilibrium one. Let us start carefully and slowly pumping the liquid through an orifice in the centre. Contact angle will grow, however, the radius of the drop base will not change until a critical value on the contact angle,  a , is reached. Further pumping will result in a drop spreading.
If we start from the same equilibrium contact angle and start to pump out the liquid through the same orifice, then again the contact angle will decrease but the droplet will not shrink until the critical contact angle,  r , is reached. After that the droplet will start to recede. Note, in this case it is possible to start from an advancing contact angle and the identical receding contact angle will be obtained in the end.
For example, in the case of water droplets on a smooth homogeneous specially treated for purity glass surface:  r~0  -5, while  a is in the range of 40-
60.
It is usually believed that the static hysteresis of contact angle is determined We suggested earlier [8, 9] a completely new concept of hysteresis of contact angle on smooth homogeneous substrates. Below we give a qualitative description of the phenomenon.
On smooth homogeneous solid substrate any contact angle, , in the range  r << a is different from the equilibrium one. Hence, the liquid droplet cannot be at the equilibrium but in the state of a very slow "microscopic" motion. More detailed observations and theoretical considerations shows [8, 9] that at any contact angle different from the equilibrium one,  e , the liquid droplet is in a state of slow "microscopic motion", which is located in a tiny vicinity of the apparent three phase contact line. The latter motion abruptly becomes "macroscopic motion" after a critical contact angles  a or  r are reached.
The presence of the contact angle hysteresis shows that the actual equilibrium contact angle is very difficult to obtain experimentally even if we neglect the equilibrium with vapour and solid substrate.
On this stage we are capable of explaining the nature of the hysteresis of contact angles via s-shape of isotherm of Derjaguin's pressure in the case of partial wetting (curve 2 in Fig. 8) . Consideration of the advancing contact angle in the case of droplet is given in [8] , below we consider the static hysteresis of contact angle in the case of a capillary to simplify our consideration.
Let us consider a capillary meniscus in the case of partial wetting in a capillary. Keep in mind that the capillary is in a contact with a reservoir, where the pressure, P a -P e , is kept, that is the pressure in the reservoir is lower than the atmospheric pressure, P a . Explanation of the hysteresis of contact angle on smooth homogeneous solid substrates is based on s-shaped isotherm of Derjaguin's pressure in the case of partial wetting. This shape determines a very special shape of the transition zone in the case of equilibrium meniscus [8, 9] . In the case of increasing of the pressure behind the meniscus (Fig. 10A ) a detailed consideration [8, 9] of the transition zone shows: close to the "dangerous" point marked in Fig. 14A , the slope of the profile becomes steeper with increasing pressure. In the range of very thin films (region 3 in Fig. 10A ) there is a zone of flow. Viscose resistance in this region is very high, that is why the advancing of the meniscus proceeds very slowly. After some critical pressure behind the meniscus is reached then the slope at the "dangerous" point reaches /2, after that the flow step-wisely occupies the region of thick films the fast "caterpillar" motion starts as shown in Fig.10A .
In the case of decreasing the pressure behind the meniscus the event proceed according to Fig. 10B . In this case again up to some critical pressure the slope in the transition zone close to the "dangerous" marked point becomes more and more flat.
In the range of very thin films (region 3 in Fig. 10B ) there is a zone of flow. Viscose resistance in this region again is very high, that is why the receding of the meniscus proceeds very slowly. After some critical pressure behind the meniscus is reached then the profile in the vicinity of the "dangerous" point shows the discontinuous behaviour, which is obviously impossible. That means the meniscus will start to slide along thick -film. That is, the meniscus will move relatively fast leaving behind the thick -film. The latter phenomenon (the presence of a thick -film behind the receding meniscus of aqueous solutions in quartz capillaries) has been discovered experimentally [23] [24] [25] . The latter phenomenon (illustrated by the presence of a thick -film behind the receding meniscus in aqueous solutions in quartz capillaries) has been discovered experimentally and supports our arguments explaining static contact angle hysteresis on smooth homogeneous substrates.
In the process of deposition of droplets the latter reach the final position after the contact angle reaches the value, which corresponds to the static advancing contact angle. The latter was considered in [8] based on the consideration of events in a vicinity of the apparent three phase contact line. The latter consideration revealed that the static advancing contact angle in the case of droplets substantially differs from the corresponding static advancing contact angle in thin capillaries: in the case droplets the latter is not a unique property of droplet-solid substrate system but depends on the droplet volume. It was shown that the advancing contact of droplet increases with a decrease of the droplet volume. The latter theoretical conclusion was directly experimentally confirmed in [26] [27] .
Consideration in this section shows that the events in a vicinity of the three phase contact line are rather sophisticated. The latter explain why there is no reasonable theory of kinetics of spreading/dewetting in the case partial wetting based on the consideration of surface forces (Derjaguin's pressure) in a vicinity of the three phase contact line. The latter is a very important problem for the future research.
Kinetics of spreading and surface forces
The consideration above shows that there is not enough understanding of importance of surface forces action even in the case equilibrium/quasi-equilibrium in the area of wetting phenomena. It is a reason why a number of approaches have been developed, which attempt to describe kinetics of wetting without consideration of surface forces acting in a vicinity of the moving three phase contact line. Those approaches have been reviewed recently in [28] . Note the common feature of all those approaches discussed in [28] is ignoring the surface forces action in a vicinity of the moving three phase contact line.
The frequently used approach is that based on T.D. Blake, J.M. Haynes original model [29] and its further modifications [30] [31] [32] . The latter model was applied for the case electrowetting [32] , which itself is an interesting area, however, not reviewed below.
The surface diffusion, which according to [29] is the driving force of spreading, is no doubt an important phenomenon, which should be included into consideration.
To the best of the author's knowledge the only attempt in this direction was undertaken in [33] for a special case. Extension of the approach suggested in [33] for the more general case of both complete and partial wetting is an important problem for the future. The idea suggested in [33] is as follows: the surface diffusion results in an effective slippage, which removes a friction singularity on the moving three phase contact line.
The previous consideration in the case of equilibrium and quasi-equilibrium allows application of the same approach based on the consideration of surface forces action in a vicinity of the moving three phase contact line to the case of kinetics of wetting.
Let us consider in more details the vicinity of the moving contact line, which is magnified in Fig. 11 . The whole vicinity of the three phase contact line can be subdivided into four regions (Fig. 11 ) [9] . The region 1 is a spherical meniscus in the main part of the spreading droplet. This region is included to show the dynamic contact angle, (t), which is defined at the intersection of the tangent to the spherical part of the droplet with the solid substrate. The dynamic contact angle is unknown and should be determined by matching of all regions presented in Fig. 11 . Inside the next region, 2, the spherical shape is distorted by the hydrodynamic flow. This region is followed by region 3, where Derjaguin's pressure comes into play. Over the region 3 Derjaguin's pressure action becoming increasingly important as compared with the capillary forces. Towards the end of the region 3 the Derjaguin's pressure overcomes the capillary forces and becomes the only driving force of the spreading process. The region 3 is followed by region 4. In this region a macroscopic description of the spreading process becomes impossible because the characteristic scale in the vertical direction is of the order of the molecular size. We refer to region 4 as the region of surface diffusion.
The spreading of an axi-symmetric liquid drop on a solid plane solid substrate in the case of complete wetting was considered theoretically and compared with available experimental data [34] . Both capillary and Derjaguin's pressure were taken into account [34] . The latter problem is related to the infinite region of integration of the outer solution and will completely disappear if the surface diffusion is taken into account properly: in this case the region of integration will be finite.
The major problem left in this area is a development of the approach, which takes into account the surface forces action in the case of partial wetting.
Spreading over porous substrates
Kinetics of spreading and simultaneous imbibitions of the liquid into porous media is a process of a substantial industrial importance. Surprisingly the latter process drew the attention of a scientific community relatively recently (see recent reviews on the subject [35] [36] ). A schematics of the process presented in Fig. 13 in the case of spreading over thin porous layer. Spreading of small liquid drops over thin porous layers saturated with the same liquid was investigated in [37] . It was shown that spreading is governed by the same power law as in the case of spreading over a dry solid substrate. The Brinkman's equations were used to model the liquid flow inside the porous substrate. An equation of the drop spreading was deduced, which shows that both an effective lubrication and the liquid exchange between the drop and the porous substrates are equally important.
The presence of these two phenomena removes the well-known singularity at the moving three-phase contact line. Matching of the drop profile in the vicinity of the three-phase contact line with the main spherical part of the drop gives the possibility to calculate the pre-exponential factor in the spreading law via permeability and effective viscosity of the liquid in the porous layer. Unfortunately, the latter dependency turns out to be very weak and did not allow extracting the effective viscosity of liquids inside porous substrates.
In the case of spreading over dry thin porous layer the drop motion over a porous layer is caused by an interplay of two processes: (a) the spreading of the drop over already saturated parts of the porous layer, which results in an expanding of the drop base, (b) the imbibition of the liquid from the drop into the porous substrate, which results in a shrinkage of the drop base and an expanding of the wetted region inside the porous layer. As a result of these two competing processes the radius of the drop goes through a maximum value over time. A system of two differential equations has been derived to describe the evolution with time of radii of both the drop base and the wetted region inside the porous layer [38] . This system includes two parameters, one account for the effective lubrication coefficient of the liquid over the wetted porous substrate, and the other is a combination of permeability and effective capillary pressure inside the porous layer. The effective lubrication coefficient was determined earlier [37] . An additional experiment has been arranged for an independent determination of the second parameter. After that the system of differential equations does not include any fitting parameters.
Experiments were carried out on the spreading of silicone oil drops over various dry microfiltration membranes (permeable in both normal and tangential directions) [38] .
The time evolution of the radii of both the drop base and the wetted region inside the porous layer were monitored. All experimental data fell on two universal curves if appropriate scales were used with a plot of the dimensionless radii of the drop base and of the wetted region inside the porous layer on dimensionless time. The predicted theoretical relationships are two universal curves accounting quite satisfactory for the experimental data. According to the theory predictions [38] (i) the dynamic contact angle dependence on the same dimensionless time as before should be a universal function; (ii) the dynamic contact angle should change rapidly over an initial short stage of spreading and should remain a constant value over the duration of the rest of the spreading process. The constancy of the contact angle on this stage has nothing to do with hysteresis of the contact angle: there is no hysteresis in our system. These conclusions again are in the good agreement with experimental observations [38] (Figs. 14, 15 ).
Kinetics of spreading of surfactant solutions over thick porous substrates has been investigated experimentally in the case of complete wetting [39] as well as spreading and simultaneous imbibitions of surfactant solutions [40] [41] . These two areas of research are still far from being complete. 
, where L max is the maximum value of the drop base, which is reached at the moment t m . Solid lines according to the deduced theoretical equations. Note, the theory does not include any fitting parameters!
Simultaneous spreading and evaporation
Over last decades kinetics of spreading and simultaneous evaporation has drawn a considerable attention [11] [12] [42] [43] [44] [45] [46] . It was experimentally discovered that the rate of evaporation is proportional not the area of the droplet but to the perimeter of the spreading droplet [11, [42] [43] [44] (Fig. 16 ). After that numerous theoretical and experimental efforts were invested in that area. However, the evaporation flux has not been calculated in a self-consistent way [45] : the latent heat of evaporation was not taken into account. The first attempt to calculate the evaporation flux taken into account the latent heat of evaporation in a self-consistent way was undertaken in [12] . The self-consistent way means that the evaporation flux was calculated simultaneously with the calculation of the temperature distribution inside the evaporating droplet. The cooling induced by evaporation results in a non-uniform temperature profile along the interface, being colder on the apex and hotter near the contact line [46] . The first attempt to give a physical explanation of the peculiar behaviour of the evaporation flux ( Fig.16 ) was given in [12] . However, in [12] a thermocapillary flow was not taken into account. Interfacial temperature gradient [46] leads to Marangoni thermocpaillary driven flow within the drop. Fig. 18 . Evaporation flux along a sessile drop surface [46] .
The presence of thin layers at the edge of evaporating droplets and their influence on the kinetics of evaporation is proven to be of a crucial importance for the kinetics of evaporation [12] . However, the influence of surface tension gradient and convection inside evaporating droplets is to be investigated in a selfconsistent way. Experiments on spreading and evaporation of sessile droplets on a solid substrate under various conditions are reported and compared to the developed theoretical model [47] . The liquids used were alkanes: heptane and octane. All liquids completely wet glass substrates used. The time evolution of the radius of the droplet base, contact angle and the droplet height were monitored. The developed theoretical model predicts that measured radius and contact angle data, and the subsequently calculated volume data, would fall onto respective theoretical 'universal curves'. Experimental data both extracted from literature and the authors' own confirmed this theoretical prediction. The predicted universal curves fairly fit experimental data (Fig. 17) . Surfactant solutions are used in agriculture to deliver aqueous droplets on hydrophobic plat lives. Immediately after deposition the droplets start to spread out and evaporate. That is, kinetics of spreading and evaporation of surfactant solutions is one of very important problems in the area. It was mentioned above that experimental investigation started only recently [13] and since then the area attracts a considerable attention ever since [48] . Kinetics of spreading and simultaneous evaporation has been investigated experimentally in the case of mixture of two liquids [49] ; however a theoretical understanding in this case is to be developed.
Spreading of aqueous droplets and aqueous surfactant solutions

Spreading of aqueous drops induced by the overturning of amphiphilic molecules or their fragments in the surface layer of an initially hydrophobic substrate.
The spontaneous spreading of aqueous droplet on initially hydrophobic solid surfaces built up by amphiphilic molecules, which are immobile in a tangential direction but can rotate in a vertical direction, was discovered in [50] . Rotation of amphiphilic molecules (or their amphiphilic fragments) of the substrate surface layer creates hydrophilic parts on the surface and promote the spreading as a result. However, the process is more sophisticated than it looks: it is shown in [51] that this phenomenon is similar to autophilic phenomenon. It has been shown [51] that drop spreading is possible only if there is lateral interaction between neighboring amphiphilic molecules (or groups). This interaction leads to a tangential transfer of the "overturned state" to some distance ahead of the advancing three-phase contact line making it partially hydrophilic (Fig. 18) . [50] . Such situation has also been observed during the spreading of drops over polymeric surfaces, when the amphiphilic groups of their macromolecules are capable of reorientation by rotating around the macromolecule backbone [50] . A theory describing the kinetics of droplet spreading has been developed with allowance for this mechanism of self-organization of the surface layer of a substrate in the contact with a droplet [51] .
Spreading of surfactants over thin viscous liquid layers.
A moving circular wave front forms after a small droplet of aqueous surfactant solution is deposited on a thin aqueous layer (Fig. 19) . The time evolution of the radius of the moving front can be monitored and information on the properties of surfactants can be extracted [52] [53] [54] [55] . In [53] surfactants of different solubility were used at concentrations above CMC. It is shown that the time evolution of the moving front proceeds in two stages: a rapid first stage, which is followed by a slower second stage. It has been shown that the time evolution of the moving front substantially depends on the surfactant solubility. An exact solution for the evolution of the moving front has been deduced for the case of low soluble surfactants. A qualitative theory has been developed to account for the influence of the solubility on the front motion. Experimental observations [53] are in a good agreement with the theory predictions. without dry spot formation in the centre.
The identical experimental arrangement can be used for investigation of behaviour of trisiloxane solutions ("superspreaders") [55] . It is shown that the time evolution of the moving front in the case of trisiloxane solutions differs substantially from that of regular surfactants.
